Experimental analysis of gyroscopic effect on vehicle vibration and accident potential by Noor Hazira, Mohamad Haidzir
EXPERIMENTAL ANALYSIS OF GYROSCOPIC EFFECT ON VEHICLE 
VIBRATION AND ACCIDENT POTENTIAL 
 
 
 
 
 
 
 
 
NOOR HAZIRA BINTI MOHAMED HAIDZIR 
 
 
 
 
 
 
 
 
Report submitted in fulfilment of the requirements 
for the award of the degree of 
Bachelor of Mechanical Engineering 
 
 
 
 
 
 
 
Faculty of Mechanical Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
 
 
 
DECEMBER 2010
ii  
 
SUPERVISOR’S DECLARATION 
 
We hereby declare that we have checked this thesis and in our
 
opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Bachelor of 
Mechanical Engineering.  
 
 
 
Name of Supervisor:  PROF. DR. HJ. ROSLI BIN ABU BAKAR 
Position: DEAN OF FACULTY OF MECHANICAL 
ENGINEERING 
Date:    6 DECEMBER 2010 
 
 
 
Name of Co-Supervisor:  MR. GAN LEONG MING 
Position: LECTURER OF FACULTY OF MECHANICAL 
ENGINEERING 
Date:    6 DECEMBER 2010 
iii  
 
STUDENT’S DECLARATION 
 
I hereby declare that the work in this thesis is my own except for quotations and 
summaries which have been duly acknowledged. The project has not been accepted for 
any degree and is not concurrently submitted for award of other degree. 
 
 
 
Name:  NOOR HAZIRA BINTI MOHAMED HAIDZIR 
ID Number: MA07086 
Date:    6 DECEMBER 2010 
v 
 
ACKNOWLEDGEMENTS 
 
Alhamdulillah and because of His blessings have allowed me to finish my final 
year project. I would like to express greatest appreciation to my supervisor Professor Dr. 
Hj. Rosli bin Abu Bakar for his continuous guidance, encouragement and constant 
support in making this project possible. He had not only given the practical knowledge 
to accomplish this project, but also informally guided in personal development. I also 
would like to express very special thanks Mr. Gan Leong Ming as my co-supervisor for 
his suggestions and co-operation throughout the project.   
 
 My sincere thanks to all technical staff of Faculty of Mechanical Engineering 
Department, UMP, especially Mr. Faizul Syahidan Bin Rajuli and Mr. Muhamad Imran 
Bin Mohmad Sairaji who helped me in technical aspect a lot. Many special thanks go to 
member UMP test car group for their excellent co-operation, inspirations and supports 
during this study. 
Last but not least, to my beloved parents that constantly supports and assists me 
throughtout this project.
vi 
 
ABSTRACT 
 
This thesis concerns with the experimental analysis of gyroscopic effect on vehicle 
vibration and accident potential. The objective of this thesis is to investigate the vehicle 
vibration, roll and yaw limits in various driving maneuver. The thesis describes the 
method to collect the vehicle’s centre of gravity performance in term of moment and 
movement. The centre of gravity is assumed as the vehicle rigid body. Uncontrolled roll 
and yaw moment will cause different impact as it reach the limit depends on the 
contributed factors and condition. Due to variation of design, different geometry and 
external influences, study on roll and yaw will be different for every type of car. Thus, it 
is important to study and to address the relationship of centre of gravity performance 
and moment limit to reduce accident tendency due to uncontrolled roll and yaw 
moment. Three different driving maneuver had been evaluate for this study purpose 
which are steady state cornering with constant radius, load and lane change maneuver. 
The test is perform in Universiti Malaysia Pahang (UMP) and the data used for the 
analysis is obtained test using UMP Test Car which has been installed with MTi 
(gyroscope), Global Positioning System and DEWESoft software for data acquisition 
purpose. The post-processing method was performed using Flexpro and Microsoft 
Office Excel. The post-processing method to determine the roll and yaw angle is being 
done in Flexpro using the FPScript function. Finally, the results of analysis were 
represented in graph. From the graphs represented, some discussions are made 
according to the experiment performed. Comparisons of all the tests are made in 
achieving the conclusion. It is observed that the roll and yaw have its own limits based 
on the CG performance of the vehicle. The results concluded that the limit is strongly 
dependent to the turning radius and load variation. For steady state cornering, R3 is the 
limit for roll while R4 is the limit for yaw. As for the load variation, 50 kg load give the 
most uncontrolled roll and yaw. At 30 km/h for lane change test, the yaw is 
uncontrollable and roll is uncontrolled at 60 km/h. Improvements can be made by 
finding the exact location of CG that will give the exact limits of a vehicle. Finally, the 
methods and results for verification in this thesis are only applicable for passenger car.
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ABSTRAK 
 
Tesis ini adalah berkaitan dengan analisis eksperimental pada kesan giroscopik terhadap 
getaran kenderaan dan potensi kemalangan. Tujuan tesis ini adalah untuk mengetahui 
getaran kenderaan, serta had roll dan yaw pada berbagai cara pemanduan. Tesis ini 
menjelaskan kaedah untuk mengumpul momen dan prestasi gerakan pada pusat graviti 
kenderaan. Pusat graviti adalah satu titik bagi mewakili seluruh badan kenderaan. 
Momen roll dan yaw yang tidak terkawal akan menimbulkan kesan yang berbeza pada 
had tertentu berdasarkan faktor keadaan sekitar. Oleh sebab variasi reka bentuk, 
geometri yang berbeza dan pengaruh luar, kajian yang dijalankan pada roll dan yaw 
adalah berbeza untuk setiap jenis kereta. Dengan demikian, adalah penting untuk 
mempelajari dan mengetahui hubungan prestasi pusat graviti dan had roll dan yaw 
untuk mengurangkan kecenderungan kemalangan akibat momen roll dan yaw yang 
tidak terkawal ini. Tiga cara memandu yang berbeza itu telah dijalankan bagi kajian ini 
iaitu steady state menikung dengan memalarkan radius dan beban serta penukaran 
lorong jalan. Kajian ini dijalankan di Universiti Malaysia Pahang (UMP) dan data yang 
digunakan untuk analisis diperolehi dengan menguunakan kereta ujian UMP yang telah 
dilengkapkan dengan MTi (giroskop) , Sistem Posisi Global dan perisian DEWESoft 
untuk tujuan pengambilan data. Kaedah pemprosesan pasca dilakukan menggunakan 
Flexpro dan Microsoft Office Excel. Kaedah pemprosesan pasca adalah untuk 
menentukan sudut roll dan yaw dilakukan di dalam Flexpro menggunakan fungsi 
FPScript. Akhirnya, hasil daripada analisis diwakilkan di dalam graf. Dari graf diwakili, 
beberapa perbincangan yang dibuat sesuai dengan percubaan yang dilakukan. 
Perbandingan dari semua ujian dilakukan dalam mencapai kesimpulan ini. Didapati 
bahawa roll dan yaw memiliki had sendiri berdasarkan prestasi pusat graviti kenderaan. 
Kesimpulannya, had-had ini sangat bergantung dengan jari-jari berputar dan variasi 
beban. Untuk menikung steady state, R3 adalah had untuk roll, sementara itu R4 adalah 
had untuk yaw. Bagi ujian variasi beban, beban 50kg memberikan roll dan yaw yang 
paling tidak terkawal. Pada kelajuan 30 km/j untuk ujian penukaran lorong jalan, yaw 
tidak dapat dikawal dan roll adalah tidak terkawal pada kelajuan 60 km/j. Perbaikan 
dapat dilakukan dengan mencari lokasi pusat graviti kenderaan yang paling tepat kerana 
ini akan  memberikan  had-had  yang tepat. Akhirnya, kaedah dan keputusan dalam 
laporan ini hanya boleh diaplikasikan untuk kenderaan penumpang sahaja. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
Vehicle dynamics is a field that concern with handling and stability of a vehicle. 
Many experiment had been done before by engineers in determining the various vehicle 
effect on dynamics, handling, stability and maneuverability due to its configuration. The 
stability of a vehicle is strongly dependent on the height of the centre of gravity (CG) 
but it is hardly to configure the exact CG location as it is varied dynamically. 
 
Excessive cornering rollovers occur when cornering forces destabilize the 
vehicle. As a vehicle rounds a corner, three forces act on it. Cornering forces and force 
of inertia make the vehicle roll towards the outside of the curve. The force of the 
vehicle's weight acts downward through the CG in the opposite direction. When the tire 
and inertial forces are enough to overcome the force of gravity, the vehicle starts to turn 
over. Most passenger vehicles will slide or spin before this happens. 
 
Stability is always studied in vehicles that have high CG location such as sport 
utility vehicle (SUV), and vehicle combination. Here, the experiment is performed to 
analyze the passenger car performance in term of roll and yaw for various driving 
maneuver. Thus, some references are made to find the appropriate method in 
performing this analysis. 
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1.2 PROBLEM STATEMENT 
 
The car movement could subdivide in yaw, roll, pitch rotation, and X, Y, Z 
movement. In mathematical form, it is a good to analyze or assume the car as a point 
where the total mass is located at the centre of gravity. When related to road accident, 
uncontrolled roll and yaw moment will cause serious impact to the car itself as well as 
the driver and passengers.  
 
Based on the significant of this effect, many research and development had been 
introduce since the first car start to move on the road. Due to variation of design, 
different geometry and external influences, study on roll and yaw will be different for 
every type of car.  
 
In normal driving maneuver, many component in vehicle will cause minor 
moment and X, Y and Z movement which also known as vibration. The value is low but 
it still affects the driver and passengers’ comfort. Normally, the value is difficult to 
detect by end-user. Continuous exposed to this vibration will cause exhaustion. In 
certain drastic driving condition, such as acceleration, deceleration, slip and cornering, 
total moment and X, Y, Z movement will increase proportionally and as it achieve 
highest limit, accident would be the final consequences. Since the car have different 
design parameters that vary for other vehicle, it is important to study and to address the 
relationship of centre of gravity performance and moment limit to reduce the accident 
tendency due to uncontrolled roll and yaw moment. This study is specifically for Proton 
Persona car. However, the same method is applicable to other type of car. 
 
1.3     PROJECT OBJECTIVES 
 
The objectives of the project are: 
 
i. To collect the vehicle’s centre of gravity performance in term of moment 
and movement data. 
ii. To evaluate the vehicle vibration, roll and yaw limits in various driving 
maneuver. 
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1.4      SCOPES OF PROJECT  
 
 In achieving those objectives, these scopes had been introduced: 
 
i. Literature review 
ii. Test car system installation and Data Acquisition System (DAS) setup 
iii. Experiment procedures preparation 
iv. On-road testing and data collection 
v. Centre of gravity moment and movement analysis 
vi. Final report preparation  
 
1.5 FLOW CHART 
 
Process flow chart provided to give an overview the project of this study. Figure 
1.1 shows the methodology proposed for investigating this research. In allocate the time 
for this project a Gantt chart had been made as in Appendix A1 and A2. 
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Figure 1.1: Flow chart 
 
Start 
Literature review 
Experimental procedures 
preparation 
System Installation & DAS setup 
Diagnostic system 
 
Final report preparation 
End 
Analysis on centre of gravity 
moment and movement 
 
Precise control of variables 
On road test & data collection 
Data 
validation 
Pre-test NO 
NO 
YES 
YES 
  
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
This chapter is mainly explaining about the basics of this study. First of all, the 
readers are exposed to reference frame of the vehicle which defines the coordinate 
system used in this study. Later, the centre of gravity of vehicle as an important point in 
this study is discussed in vehicle as rigid body subchapter. The stability condition of 
vehicle and handling types of vehicle is introduced to readers as it is the main 
knowledge in perform this study. Going through the chapter, the roll moment is 
discussed as it is a measurement of rollover limits. 
 
2.2 THE REFERENCE FRAME 
 
The reference frame refers to the coordinate system used in vehicle dynamics. 
This reference frame can be chosen either as earth fixed coordinate, vehicle (or 
component) fixed or horizontally orientated and moved with the vehicle. Figure 2.1 
show the DIN 70000 / ISO 8855 coordinate system. 
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FIGURE 2.1: DIN 70000 / ISO 8855 coordinate system 
  
The X-axis is a longitudinal axis passing through CG and directed forward. The 
Y-axis goes laterally to the left from the driver’s viewpoint. The Z-axis makes the 
coordinate system a right hand rule. When the car is parked on a flat horizontal road, the 
Z-axis is perpendicular to the ground, opposite to the gravitational acceleration, g. The 
relationship of the vehicle fixed coordinate system to the earth fixed coordinate system 
is defined by Euler angles.  
 
This euler angles can be shown by the vehicle orientation of three angles which 
are roll angle φ rotate about X-axis, pitch angle θ rotate about Y-axis and yaw angle ψ 
rotate about Z-axis. Rate of the rotation angles are important in vehicle dynamics, thus, 
it is called as roll rate, p, pitch rate, r and yaw rate, q respectively. 
 
 
 
 
θ 
My 
q 
Z 
Y 
X 
7 
 
 
 
2.3 VEHICLES AS RIGID BODY  
 
A vehicle is made up of many components distributed within its exterior 
envelope. For its single mass represention, the vehicle is treated as mass concentrated at 
CG. The point mass at the CG, with appropriate rotational moments of inertia, is 
dynamically equivalent to the vehicle itself for all motions in which it is reasonable to 
assume the vehicle to be rigid. 
 
Low CG is always desirable, as they are deals with driving dynamic problems 
and increased vehicle performance during cornering and braking. The position of a 
vehicle centre of gravity is highly dependent on the load; when people get into the 
vehicle or luggage is loaded in the boot or onto the roof (Reimpell et al., 2001). 
 
The body lowers when it is loaded. Loads such as passengers and in particular 
the luggage carried on the roof, results in higher overall centre of gravity. It is much 
simpler to determine the position experimentally by weighing. For this, both the empty 
vehicle should be observed and when it is occupied by passengers. When the vehicle is 
weighed, it must be standing on a completely horizontal plane and with each axle on a 
weighbridge.  
 
The weighed front axle load and the rear axle load give the total weight of the 
vehicle 
 
               (2.1) 
 
The balance of moments around front and rear axle in conjunction with the 
wheelbase   in the longitudinal direction, gives the centre of gravity distances     to the 
front and    to the rear axle 
   
   
   
         (2.2) 
 
In determining the CG height, ratio for the empty condition,     is propose. The 
empty vehicle is compared with the empty height of the unladen vehicle 
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     (2.3) 
 
For the passenger car, Reimpell et al. (2001) has proposed that the ratio would 
be 0.377. If the CG of loaded vehicle is not known, it can be judged using 
 
                        (2.4) 
 
 According to Genta and Morello (2009) vehicles, like most machines, have a 
general bilateral symmetry. If the CG lies in the symmetry plane, it is impossible to 
compute the transversal position of the CG. Thus, a transversal position of CG can be 
estimated by  
 
   
 
 
     (2.5) 
 
2.4 STABILITY 
 
Vehicles are obviously stable at very low speeds. Historically, there was no 
particular interest in issues of stability until the propulsion systems had developed 
enough to allow high speeds to be reached. Stability and handling problems were 
typically addressed more by experiment than by analysis. At above of the critical speed,  
     , the stability criterion will not satisfied and the car will be unstable. This criterion 
for stability can be determined by 
 
       
     
  
                     (2.6) 
 
Several interesting facts can be observed from the stability criterion, in equation 
above. First, if the first term involving 1/U
2
 will be a large positive number than the 
criterion will be satisfied. This confirms the obvious idea that all vehicles are stable at 
very low speeds. Second, if the second term in above equation is positive, the car will 
surely be stable at any speed. The second term is positive when 
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              (2.7) 
 
This condition is called as understeer while for oversteer properties the second 
term is become negative 
 
              (2.8) 
 
In order for the car to remain in a steady turn, the moments about the center of mass 
from the front and rear axles must sum to zero. Otherwise, constant angular momentum 
and angular velocity cannot be maintained (Karnopp, 2004). For vehicle to continue 
moving in intended direction, sum of forces in lateral direction from tires must be equal 
to mass times centripetal acceleration.  
 
               
   
 
    (2.9) 
 
For moment equilibrium by equating the front and rear moment the equation for 
front axle force  
 
    
  
 
 
  
 
      (2.10) 
 
and rear axle force 
 
    
  
 
 
  
 
      (2.11) 
 
where the  
  
 
  is can be substitute with lateral acceleration. 
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2.5 HANDLING 
 
The steady state handling characteristic can be classified to three categories 
which are neutral steer, understeer and oversteer. Neutral steer vehicle is defined as 
when it is accelerated with the steering wheel fixed, the turning radius remains the 
same.  
 
For an understeer vehicle, when it is accelerated with the steering wheel fixed, 
the turning radius increases. As the vehicle is driven through a curve, the front wheels 
lose adhesion before the rear wheels, causing the front wheels to push toward the 
outside of the curve and make the turning radius increases. In this case, characteristic 
the lateral acceleration at the CG causes the front wheels to slip sideways to a greater 
then at the rear wheels (Karnopp, 2004). For an understeer vehicle, a characteristic 
speed       is the speed at which the speed required at which the steer angle required to 
negotiate a turn is equal to 2L/R and identified as 
 
       
  
   
     (2.12) 
 
Jazar (2007) states that the third handling characteristic is oversteer. For vehicle 
that is oversteer, when it is accelerated in a constant radius turn, the driver must 
decrease the steer angle. This cause the slip angle on the rear wheels to increase more by 
the lateral acceleration at the CG. As the vehicle is driven through the curve, the rear 
wheels lose adhesion before the front wheels, causing the rear of the vehicle to slide 
outward. CORSSYS- Datron (2001) mentioned as a result, the turning radius of the 
vehicle is smaller than it should be as compared to the rotation applied to the steering 
wheel. For an oversteer vehicle, a critical speed       is the speed at which the steer 
angle required to negotiate any turns is zero and identified as 
 
       
  
    
     (2.13) 
 
 
